















































Table 4. Calculated pre-runoff fry emergence, incubation success and fingerling
abundance of brown trout in 13 southeast Minnesota stream sections,

1978-1979.
Redds/100 ft Mean no.
with emergence 1live fry Redds with Fgl/100 ft
Stream section before runoff /redda live fry (%) electrofished

Lower South Branch

Whitewater 0.2 44,7 36.4 1.2

Upper South Branch

Whitewater 0.0 9.8 17.7 1.0-2.2

Lower Beaver 0.5 25.3 90.0 8.4-33.0
Upper Beaver 2.3 45.3 100.0 15.6-50.4
Lower Trout Run 0.1 6.9 50.0 5.0

Upper Trout Run 0.3 14.8 60.0 0.4

Gilmore 2.0 - , - 31.4

Garvin no. 1 Trace - - 1.4

Garvin no. 2 0.2 53.5 50.0 1.2-8.9

Garvin no. 3 0.7 - - 11.4

Rupprecht no, 1 . 0.0 - - 45,4-80.8
Rupprecht no. 2 0.2 54.3 80.0 10.0-25.0
Rupprecht no. 3 1.4 - - 6.4-15.2

a gamples were taken from an increased number of stream sections the spring of
1979.
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Figure 4. Development rates of mean hatch of brown trout eggs and
emergence of fry in Beaver Creek headwaters, lower Beaver
Creek, upper Trout Run Creek and lower Trout Run Creek
October- April 1978-79. Spawning dafes are the mean
spawning dates for the respective stream sections. Different
development rates are responses {o different temperature
regimes.
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Figure 5. Hatch end emergence dates of brown trout eggs and fry of
different spawning dates, Beaver Creek headwaters,

1978-1979.
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fry/redd were negative (r = -0.582, p = 0.14 and r = -0.688, p = 0.06,
respectively) .

Mean monthly water temperatures of stream sections varied consid-
erably (Table 5). The largest differences among years occurred during
the month of October. Stream sections with the warmest winter tempera-
tures had more consistent mean monthly temperatures from year to year.
A mean monthly temperature of 33 F represents a situation where ice
cover persists for weeks at a time. Mean monthly temperatures of 35 F
and greater represent situations where ice cover was rare.

Incubation of eggs and sac fry occurred at warmer temperatures
when redds were located in ground water seepage areas. Temperatures
within different redds in the same proximity of lower Trout Run Creek
varied from each other by up to 7 F. Warm ground water temperatures of

redds were not detected in any other stream sections.

Spawning
Brown trout spawned from the first week in October through the

last week in November. Mean spawning dates varied among stream sec-
tions and among years (Table 6). Spawning was notably late in some
stream sections, especially in Trout Run Creek. Differences in stream
flows from year to year did not influence spawning timetables.

The number of redds/stream length varied considerably among stream
sections and among years (Table 7). There was a general increase in
redd abundance from the fall of 1975 through the fall of 1978. Abund-
ance in lower Beaver Creek increased almost fourfold from fall 1976
through fall 1978. Some years the number of redds was extremely low in
the upper South Branch of the Whitewater River, Garvin Brook sections
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Table 5. Mean monthly water temperatures (F) for 10 southeast Minnesota stream locations, 1976-1979.

October November December January February

Stream section 1976 1977 1978 1976 1977 1978 1976 1977 1978 1977 1978 1979 1977 1978 1979
Lower South Branch

Whitewater 42 46 49 39 45 43 41 37 38 36 34 35 37 35 36
Upper South Branch

Whitewater 44 48 49 40 44 42 3 35 35 33 32 33 35 33 34
Lower Beaver 4 47 49 39 40 42 33 35 35 33 33 33 32 33 34
Upper Beaver 43 48 48 42 45 44 39 40 40 39 38 39 40 38 38
Lower Trout Run 45 48 48 41 45 43 36 40 38 35 38 35 37 38 36
Upper Trout Run 45 47 43 42 43 45 38 37 40 37 34 38 39 36 38
Gilmore ' 48 50 49 43 45 46 38 40 40 37 37 37 39 37 38
Garvin no, 1 45 50 49 42 45 44 37 38 38 37 36 35 39 37 37
Garvin no, 2 47 50 50 42 44 44 38 38 38 36 36 36 38 37 37

Rupprecht no. 2 43 48 49 42 45 45 38 39 40 37 36 36 40 38 37




Table 6. Mean spawning, hatch and emergence dates of brown trout in 134 southeast Minnesota stream
sections, 1976-1979.

Mean spawning Mean hatch Mean emergence
Stream section 1976 1977 1978 1976-77  1977-78  1978-79 1977 1978 1979
Lower South Branch
Whitewater 10-29 10-24 10-31 03-10 01-30 02-17 04-11  03-26 04-05
Upper South Branch
Whitewater 10-20 10-30 10-30 03-04 02-28 03-06 04-08 04-11 04-13
Lower Beaver 10-27 11-14 10-17 03-02 02-14 02-04 04-08  04-06 03-30
% Upper Beaver 10-25 10-23 10-29 02-15 01-12 02-04 03-30 03-16 02-21
& Lower Trout Run 11-11 11-03 11-11 03~-12 02-28 03-09 04-11  04-08 04-15
Upper Trout Run 11-11  11-06 11-10 02-28 02-11 02-20 04-05 03-28 03-29
Gilmore 10-29 10-27 11-05 01-27 01-20 02-11 03-22 03-08 03-23
Garvin no. 1 11-08 10-22 10-31 03-10 01-12 02-08 04-09 03-12 04-01
Garvin no, 2 10-30 11-04 11-06 02-13 02-07 02-20 03-28 03-25 04-05
Garvin No. 3 10-25 s 10-25 02-14 12-31 01-24 03-19 02-26 03-14
Rupprecht No. 1 11-01  10-30 11-03 . 03-07 02-12 02-26 04-09  04-03 04-09
Rupprecht No, 2 - 10-13 11-04 11-06 02-13 02-07 02-20 03-28 03-25 04-05

Rupprecht No. 3 11-01 11-03 11-04 01-30 01-23 01-28 03-13  03-07 03-12




Table 7. Brown trout redds/100 ft and percentage of spawning super-
imposition for 13 southeast Minnesota stream sections, 1975-

1978.°2
Percent
Number /100 ft super imposed
Stream section 1975 1976 19770 1978 1977 1978
Lower South Branch
Whitewater .07 0.6 0.8 1.0-1.1 4.5 3.4
Upper South Branch
Whitewater Trace 0.2 0.4 0.2 7.1 Trace
Lower Beaver pC 0.3 0.7-0.8 1.3-1.4 5.6 7.0
Upper Beaver P 1.2 1.6-2.1 4.1-4.4 11.8 7.9
Lower Trout Run p 2.5 1.4- ,1  1.7-2.7 34.8 14.3
Upper Trout Run P 1.9  1.8-2.1 1.2-1.5 12.5 14.7
Gilmore P 1.8 4.0 4.2-4.9 50+ 13.9
Garvin no, 1 0.0 0.3 0.4 0.3 0.0 0.0
Garvin no. 2 0.0 0.2 0.7 0.5 4.9 0.0
Garvin no. 3 P 0.2 1.0 1.0 6.9 6.0
Rupprecht no, 1 P 0.5 1.8-2.2 2.0-2.2 15.5 9.2
Rupprecht no. 2 p 0.8 1.8-2.0 1.4 11.6 2.0
Rupprecht no. 3 0.0 0.2 1.5-1.6 1.7 4,2 0.0

a Ranges of redd abundance shown under 1977 and 1978 reflect notable
differences over the stream section length and losses to superimposi-

tion.

b 1977 rates of super imposing make some of the tabled values under-
estimates of the actual spawning effort.

C p indicates some redds present.
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no., 1 and 2 and Rupprecht Creek no. 3.

Spawning activity in 1977 and 1978 was often excessive for the
available spawning habitat and redd superimposition (overspawning) was
common (Table 7). Overspawning sometimes so obscured previous redds
that total redd number was likely underestimated. In streams where the
greatest spawning activity took place, most of the early redds were
disrupted by later spawning fish. A previous redd was not necessarily
lost when superimposition occurred as redd excavation samples often
contained live eggs or fry of two completely different development
stages and/or two distinctly different sizes of eggs or fry. Such
surviving eggs and fry were obviously spawned by different fish and/or

at different times.

Fingerling Abundance

Fingerling abundance was correlated with several spawning and
incubation factors. The correlations of 1978 and 1979 fingerling
catch/effort (minus the Rupprecht Creek section no. 1 data) with the
abundance of redds, with the number of redds with fry emergence before
spring runoff, with mean hydraulic gradient and with the incidence of
redds containing live fry were all significant (P=0.05) (Table 8).
Correlations of dates of mean spawning, mean hatch and mean emergence
with fingerling abundance for the same period were insignificant and
negative. Correlations of fingerling abundance with all factors were
weak for the 1976-77 incubation year. The correlation of the percent-
age of large substrate (>0.079 in particles) with fingerling abundance

was weak and insignificant.
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Table 8.

Regressions of brown trout fingerling CPUE (no./100 ft elec-

trofished) with redd abundance, spawning date, hatch, emer-
gence, incubation success, substrate and hydraulic gradient

data?

Intercept Slope r P af
No. redds/100 ft
1976 3. 266 0.202 0.055 >0.50 10
1977 0.118 5.439 0.861 <0.001 10
1978 0.126 6.949 0.840 <0.001 10
Mean spawning date
1976 4,649 -0.060 -0.139 0.50 10
1977 9.337  -0.0916 -0.101  >0.50 9b
1978 16.672 -0.342 -0.207 >0.50 10
Mean hatch date
1976-77 8.451 -0.0973  -0.517 0.088 10
1977-78 12.914  -0.145  -0.371 0.274 9b
1978-79 23.70 -0, 282 -0.342 0.290 10
Mean emergence date
1976-77 5.829 ~0. 060 -0.216 0. 500 10
1977-78 17.328 -0.311 -0.581 0.064 9o
1978-79 26.303 -0.423 -0.392 0.210 10
Pre-runoff fry emergence
(redds/100 ft)
1976-77 2.823 9.489 0.330 >0.308 10
1977-78 3.430 5.141 0.893 <0.001 9
1978-79 3.743 11.990 0.832 <0.001 10
No. fry/redd (1979) 2.944 0.239 0.400 0.339 6
Percentage of redds with
live fry (1979) -12,24 0.377 0.885 0.004 6
Percentage of substrate
>0.079 -72.35 1.040 0.486 0.229 6
Hydraulic gradient -12.45 17.45 0.865 0.002 10

@ The data from Rupprecht Creek section no. 1 was excluded from these
calculations.
Garvin Brook section no. 1 water turbidity caused by road construc-—
tion prevented observations, reducing df to 9.

PAGE 22



Physical Factors

Correlations of physical factors with each other and with incuba-
tion success were often high among stream section means. The gradual
runoff and expanded substrate and redd sampling efforts in 1979 facil-
itated comparison of stream section substrate, gradient and incubation
success (Table 9). Simple correlation of the percentage of large
substrate with the number of live fry/redd was positive and significant
(P=0.05) but a sigmoid curve may more accurately represent the rela-
tionship (Fig. 6). Correlation of hydraulic gradient with the percent-
age of redds containing live fry (Fig. 7) was significant (P=0.05).
Correlation of the perecentage of large substrate with the percentage
of redds containing live fry and correlation of hydraulic gradient with
the stream section mean number of live fry/redd were low and insigni»y
ficant (r = 0.530, p = 0.182 and r = 0.585, p = 0.135, respectively).
Hydraulic gradient of stream sections was positively correlated with
percentage of large substrate (Fig. 8).

Substrate composition usually‘did not change significantly during
incubation periods. Mean percentages of large substrate of stream
sections usually declined but the only significant difference between
pre and post-incubation means was detected from upper Beaver Creek
samples 1976-77 (Table 10). The mean percentages of sediment from the
combined 1976 and 1977 stream section substrate samples correlated
positively with the volume of sediment accumulated in perforated pipes
from the same redds (r=0.877, p=0.001).

All rank correlations among dissoived oxygen, physical conditions,
reproductive success and fingerling abundance factors within stream
sections were weak and insignificant (rg values <O.500). Rank correla-
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Table 9. Brown trout redd data from eight southeast Minnesota trout stream sections, 1978-1979.

Bottom Hydraulic Mean no. Redds with
: Substrate (%) gradient gradient live fry 1live fry

Stream section 0.74-0,079 in  0.039-0.005 in Settleable (%) (%) /redd (%)
Lower South Branch

Wnitewater 78.75 16.99 4,42 0.73 1.41 44,73 36.4
Upper South Branch ,

Whitewater 76.34 20.17 3.51 1.53 0.65 9.71 17.7
Lower Beaver 80.08 11.95 8.08 2.24 1.84 25.3 90.0
Upper Beaver 83.22 7.96 8.81 0.67 2.14 45,3 100.0
Lower Trout Run 69.22 18.16 12.62 0.41 0.75 6.9 50.0
Upper Trout Run 80.16 ©11.09 8.76 1.68 0.96 14.8 60.0
Garvin no, 2 81.88 10.68 7.41 0.30 0.87 53.5 50.0
Rupprecht no. 2 88.41 8.22 3.39 1.64 1.93 54.3 80.0
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Figure 6. Linear regression of the percent composition of large
substrate (particle size 2 0.079 in) and the mean number
of live fry/redd (r=0.780, p=0.023). The dashed line
was fitted by eye.
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Figure 7. Linear regression of mean percentages of redds having
live fry and redd hydraulic gradient (r=0.844, p=0.02I).
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Figure 8. Linear regression of mean percentages of large substrate
(particle size 2 0.079 in) and hydraulic gradient
(r=0.673, p=0.0720).
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tions for these factors varied widely each year even within the same

stream section.

Table 10. Change in mean percentage of large substrate composition (>0.079
in) of brown trout redds during incubation, 1976-77 and 1977-78
in four southeast Minnesota stream sections.

Incubation Post

beginning incubation
(%) (%) t df n P

Lower Beaver

1976-77 78.83 70.69 0.155 14 16 0.50

1977-78 79.59 67.42 1.730 18 20 0.10
Upper Beaver

1976-77 75.44 73.29 2.07 18 20 0.05

1977-178 77.05 78.13 0.156 17 19 0.50
Lower Trout Run :

1976-77 71.79 64,68 0.902 16 18 0.384

1977-78 72.87 67.34 0.895 18 20 0.386
Upper Trout Run

1976-77 76.87 61.77 1.701 10 12 0.12

1977-78 75.20 77.57 0.616 18 20 0.50

Dissolved Oxygen

Dissolved oxygen concentrations rémained near 80% saturation in most
monitored redds. Concentrations below 5.0 ppm in redds were measured
primarily after spring runoff. Some redds with low dissolved oxygen had
dead, rotting, blackened egg and fry remains. Dissolved oxygen concentra-—

tion ranged from 8-9 ppm in redds receiving stream bed ground water.
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DISCUSSION

There is little doubt that high water during egg incubation and pre-
emergence fry development is the cause of brown trout reproduction failures
in southeastern Minnesota. The historical belief that silt and sediment
caused egg and fry suffocation was not verified. Stream waters remained
clear and silt and sediment transport was not serious until runoff occurréd.

Pre and post-runoff substrate samples tended to contain similar per-
centages of substrate particle sizes. Often runoff seemed to have as much
of a cleaning action as it did a sedimenting one. Sediment transport was
occurring throughout the incubation season but much of the sediment appar-
ently passed around or through redds without being retained.

Sediment content in substrate samples would be expected to relate to
the sediment accumulation in perforated pipes buried in the same redds. The
high correlation between these two factors is evidence that they are simi-
larily sensitive to detecting sedimentation and improves confidence in the
methods, |

The relationship of sedimentation to incubation success was difficult
to assess. In some stream sections, runoff\occurred part way through
substrate sampling and redd excavation. Replication of sampling effort was
impossible from year to year and from stream to stream. When runoff
occurred, some redds were completely scoured from the stream bottom.
Relationships of factors studied and incubation success represented only the
redds that were less affected by runoff. It was always a question whether
the scoured redds were the "best" redds or simply "average".

Low dissolved oxygen concentrations within redds was not a consistent
problem until after high water periods. Changes in substrate composition
were not significant following high waters but redd materials may have
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become compacted and less permeable., Decomposing dead eggs and fry may have
caused low dissolved oxygen concentrations rather than low oxygen concentra-
tions causing the mortality.

All efforts at relating redd conditions including sedimentation,
dissolved oxygen and hydraulic gradient to incubation success within stream
sections were inconclusive. This contrasts with the relationships among
stream section means. Apparently differences among stream sections are more
important than differences from site to site within stream sections.

Successful reproduction is more likely when egg hatch and fry emergence
occur before spring high water. A small mean monthly temperature difference
between stream sections can have a major effect on incubation time. Brown
trout egg incubation time is 20.8 days longer at 35.6 F than at 37.4 F
(Embody 1934). At higher temperatures, the difference in development
rate/degree temperature increase becomes progressively less important.

Ground water percolation through redds probably optimizes incubation
conditions and may account for some unexpectedly high reproductive successes
(such as Rupprecht Creek no. 1). Warmer incubation temperature increases
the probability of hatch and emergence before spring runoff. Ground water
upwelling through redd gravels should provide water exchange equal to that
of optimum substrate and hydraulic gradient conditions regardless of exist-
ing substrates and gradients.

Hydraulic gradient and substrate composition were not limiting to brown
trout fingerling populations. In years when water levels remained stable,
relationships with incubation success and fingerling abundance could be
detected. However, reproduction success was usually sé much better in those
years that there was a surplus of fingerlings.

The correlations of mean fingerling abundance of stream sections with
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mean dates of spawning, hatch and emergence werégall weakly negative, while
the correlation of fingerling abundance with the number of redds having
emergence before runoff was highly positive. The negative correlations
reflect the expected negative effect of 1ate spawning, hatch and emergence
dates but are weak correlations because these calculations contain no
quantification of redds, eggs or fry. The correlation of the number of
redds having fry emergence before runoff with fingerling abundance was
strong and was a more useful quantitative comparison.

There were poor fingerling populations in study stream sections in 1977
although pre-flood emergence should have been adequate in some of these
sections. Calculations of incubation rates were generally accurate as
reflected by development stages of eggs and fry within excavated redds. If
a significant number of fry had emerged before runoff, then the problem was
the survival of the early free swimming life stages rather than reproduction
failure.

The consistently high abundance of fingerlings at the Rupprecht Creek
no. 1 location apparently was caused by some unmeasured factor. Upstream |
areas have incubating conditions judged to be superior to this section.
Although it is an area of small spring inléts‘and redds may have been
located on ground water seeps, the upstream sections often had slightly
lower than expected fingerling abundance. Migration»of fingerlings from
other stream sections is thus a possibility. Exclusion of the Rupprecht
Creek no. 1 data from fingerling abundance correlation calculations was
based on these considerations.

There was no direct evidenée of fingerling migration in any of the
stream sections., Fin-clipped fingerlings from the June sample did not
appear to have a tendency for upstream or downstréam movement. However,

PAGE 31



large fingerlings were sometimes abundant in August where none were found in
June.

Spawning was not dependent on stream water levels or water tempera-
tures. Water levels were always adequate for trout movement and spawning.
Water temperatures were suitable for spawning by 1 October in all study
streams but meaﬁ spawning dates were generally after 20 October. Mean
spawning dates tended to approximate the same date each year in spite of
differing temperature regimes from year to year.

The spawning effort documented in any stream section for any year was
believed to be a reflection of breeding stock abundance. There was no
evidence that stream conditions prevented trout spawning. The general
annual increase in spawning effort during this study was believed to reflect
increasing abundance of adult stocks. The 1975 year-class was extremely
strong in most stream sections and accounted for much of the increased
spawning of 1977. The apparently very low adult population in some stream
sections the fall of 1975 cannot be completely explained but some of the low
1976 fingerling populations were probably a result of very low breeding
populations.

Redd superimposition did not seem to influence fingerling abundance.
Overspawning incidence was usually greatest where adult stocks were abundant
and did not appear to be a function of a shortage of spawning habitat. The
total effect of superimposition was not estimated but it was determined that
the contents of pre-existing redds were not necessarily destroyed.

Hydraulic gradient may be the best predictor of reproductive success
when flooding does not occur and where water temperatures are satisfactory.
Hydraulic gradient was directly related to the percentage of redds with live
fry and to the fingerling catch/effort. The relationship with the mean no.
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fry/redd was weak.

Relationships among substrate composition, incubation success and
fingerling abudance were inconclusive. There was a strong positive, appar-
ently sigmoid relationship between large substrate and the mean number of |
fry/redd. Substrate with 75% to 85% large particles was necessary for a
high mean number of live fry/redd. The relationship of large substrate to
the percentage of redds with live fry was weak, possibly because of the
unaccounted for sigmoid nature of substrate influence on the number of fry
surviving. However, the percentage of redds with live fry was strongly
related to fingerling catch/effort, while substrate composition and finger-
ling catch/effort were weakly related.

Correlation of morphometric characteristics with each other and with
measures of reproduction are unlikely to be meaningful in southeastern
Minnesota streams. Morphometry is out of synchrony‘with‘mean stream dis-
charge, as riffles and sinuosity are products of flood stage water levels.
Hydraulic gradient and bottom materials are largely products of extreme,
often localized, watershed contributions. Dry runs periodically contribute
extreme flow and substrate materials to the mainstream. Water level fluc-
tuations of 10 vertical ft and discharge increases of up to 1,000% during a
24 h period following summer storms are not unusual. Spring runoff is not
as localized but peak intensity can equal summer flash floods.

Late spawning in some stream sections, notably Trout Run Creek, may
enhance reproductive success. Trout Run Creek study sections were located
within heavily pastured areas. Many early egg depositions were destroyed by
cattle crossing the riffle sections and obliterating redds. Since cattle
were generally removed from riparian pastures during the spawning period,
late redds were not destroyed. The gene pool of wild trout may be shifted
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toward late spawners. This was more probable in Trout Run Creek than in
many other stream sections because winter water temperatures were relatively
warm and some pre-runoff emergence occurs most years. A stream with cooler
winter water temperatures and the same cattle problem would have less chance
to sustain reproduction.

The most likely approach to fﬁrther explain reproduction variation
would be multiple regression analysis; however, the high simple correlations
cited above were not notably improved upon. Furthermore, the value of
substrate and hydraulic gradient as independent variables in armultiple
regression were reduced because these two factors were positively corre-
lated. Further investigation of these factors is not recommended since
reproduction does not seem to be limiting to brown trout populations unless

flooding occurs.

RECOMMENDATIONS
The following are suggested as means of predicting year-class strengths
and for improving brown trout management in southeastern Minnesota trout
streams:

1. Document winter and spring flood severity.

2, Develop stream section records of spawning dates.

3. Develop winter water temperature records.

4., Locate streambed ground water seeps.

5. Enumerate and record the date of formation of redds to
monitor the status of breeding trout populations and to
establish possible reasons for subsequent low fingerling
abundance .

6. Protect spawning areas from cattle.
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